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This report covers the trork performed under contract RAS 9-11604,
Mod 6S during the period March 1, 197 -•- Feuruary 30, 1975, by the
Bios^ereomecrics Laboratory, Texas Institute: for Rehabilitation and
Research, in cooperation ^,rith the Food ^ Nutrition Branch, Biomedical
Research Division, Directorate Life Sciences, L.B. Johnson Manned Space
Center.
The report is divided into four main parts, as follotirs
T. Effects of Extended Space Flight on Body Form of Skylab
Astronauts Using Biostereometrics.
	
II.	 Compar^.san of Bady Volume Determinations Using
Hydrostatic Neighing and Biostereometrics.
	
xxl.	 First International Sympasi^im on Biostereometrics, Wash-
ingtan, D.C., September 10-13, 1974.
IV. Training of Technology Inc. technician in Biostereon^etxic•
principles and procedures.
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fT.	 Effects of Extended Space plight on Body porm of Skylab
Astronauts (!sing Biostereometrics.
The stereometric measurements of body form first made on the
Apollo l6 crew have now bean perfaxmed on all Skylab astronauts. The
same biostereometric principles tvere used thoroughout the series, but,
as with all the other missions, the final. Skylab flight provided an
opportunity to make further refinements. Specifically, some modifica-
tions in the data reduction procedures were explored and the results axe
outlined below. The balance of this section comprises a review of the
data acquisition procedures and an evaluation of the findings for the
three Skylab missions as a whole.
Method
Faux stereometric cameras were used, fox the data acquisition
(Fig. I - l] . ^'he px^ncipal axes of the lenses of the two cameras ^srere
parallel, 'and separated horizontally by 5Q.8 cm (20 inches]. The cameras
weze Hasselblad ^C ; cameras with 38 mm f 4.5 lenses. The backs of the
cameras had been modified to accept &.3 cm (2 1/2 inch] square glass
r
plates, and to put fiducial marks on the plates to facilitate alignment
during the subsequent plotting process. The cameras were mounted on a tri-
pod, and care was taken to insure that the t+-o cameras were at the same
f	 height from the floor {90 can, 35 inches], and that their axes were horizontal.
f
The photographic plates were 1.83 m. [6 ft] from the plane of the 'control'
is
i
t 	 stands to which distance the cameras Eti'Cie focused. The 2 control stands axe
^:
^	 portable structure, consisting of a light telescopic stand supporting a`
steel tape measure with inch markings, and 4 pairs of discs which are
2
3
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1Fig. z-].: Diagram of Stereomctric Apparatus.
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scpara^ed by a fixed distance [I5.S55 cm; 5.1^^- ans) i^ the long axis of 1
-	 the system.	 '1^iE 2 stands are placed opposite each other with the steel
tapes about 90 cm [35«4 in) apart, to define: a p-lane in iti^ha.ch I<he subject
i stands.	 The subject a.s nude except for an athletic supporter, and he
wears an elastic sIcull cap to press his hair dotan«
	
I-Ie staY^ds on a pa^.r
of t footprints' to g^.ve a reproduca.ble location fax the feet, and Bolds
his arms straight and a little taay ataay from the body, with the fingers ':
and thumbs pressed together.
	
]3ettaeen eacl^ pair of cameras was a Strobe -^
}
k projector in tahich a 500 joule electronic flash tube projected a pattern
is of lines on the subject. 	 The strobe--projector consisted of the flash tubes
} a condenser, a 3S mm transparency ta^.th a pattern of randomly arranged
^,
v lines, and a projection lens (36 mm, f. 3.0) . 	 The projector ta gs focused
at the plane of the control stands. 	 The cameras Caere fired remotely by a
^ solenoid, and the strobe projectors were each fired by one of the cameras.
The cameras, were used at full-aperture [f ^.5) , and the shutter speed. Coos
I
adjusted, Casing e^cpasure meter readings, to allow the room lighting to
augment, but not to obliterate, the lighting from the strobes. 	 This was ^	 ^
^	 ..,	 ^
necessary to visualize the top of the head and the shoulders , which Caere
F.
^anadeQtaately illuminated by the strobes.
c
The photographs	 Caere taken in blacic and white on Kokak 'M' plates ^.	 ,
! i[ASA ^5fl) and developed. for 8 min. in .DIC50 developer.	 The subject ryas. ^
photographed twice at each session, to a^.low far equipment malfunction or
l
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breakage of pates. ;.'
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Plotting: 
The plates were plotted and digitized in pairs on a Kern PG2 
mechanical projection stereoplotter after enlargement to 25.4 ern 
using of a precision enlarger. The three-dimensional-coordinates of a 
series of points were determined in arbitrary scale units and punched on 
IBM cards. The first card identified the .subject and measurement: the 
next 3 cards were 'scale cards', followed by the cv~rdinates of all the 
points on the body surface, for the front of the subject, then the scale 
cards and coordinate data for the back. The zero point of all 3 axes 
Nas taken as the center point of the measuring tape on the control 
stand to the subjec~s left. The 3 axes were named U(vertical), V(lateral) 
and W(front-to-back;, using the sign convention shown in Fig. 2. 
The scale cards were arranged as follows: 
1-6 7 8 9-14 15-20 21-26 27-44 45-62 63-80 
No. Man FIB VI Ul WI V,U,&Wz V,U,&W3 V,U,&1V4 
The first 6 columns identify the card deck: column 7 gives the 
crewman, as follows: 
1 = Kerwin 2 = Com'ad 3 = Weitz 
4 = Bean 5 = Lousma 6 = Garriott 
7 = Carr 8 = Gibson 9 = Pogue 
The 8th column (FIB) contains 1 for data from the front of the body, 
two (2) for the back. Then follow the V,U,&W coordinates of 4 points, 
as follows: 
Card I = points above and be low the center of each tape, separated 
by 48 or 60 inches in the IV axis. 
Cards 2 and 3 = points on the front and back disc of each pair of 
discs, giving the scale in the Z axis. 
5 
i' 
j
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Fig. ^--2: iMV and XYZ Coordina^re Systems Body Park Au^nbexing and
Direction o£ Plotting.
6
,:	 _^,
3
f
i	 ^
3
j
i	 '`^
-;'.: ^
r ;.;
'`
^^
^:
^^
The data cards ware arranged as follows;
Cols:	 i	 2 3-8 9--14 15-20	 21-3? 33-44 45--55 57-fib 59--80
^+lan F/li U V i^1	 VF^142 V^`V3 VF^IY4 V^IYS VF^1V5
The format in which the coordinates axe punched consists of the sign,
followed by 5 digits utith no decimal point; the first 2 digits are the
whole number, and the last 3 axe the decimal places, corresponding to a
Fortran format of F 5.3. Each data card had a single It coordinate, and
from 1 to G pairs of V$4^; if less than 6 coordinates were punched, the
remainder of the card was blank. The first coordinate plottied was a single
point at the top of the head; then follo^red data for the front, level by
level, working downt,rards, in the following order: l) head and trunk,
2) right arm, 3) left arm, 4) right leg, 5) left leg. The spacing between
successive levels tvas generally 2 inches, but l inch spacing was used in
the following areas: chin and upper neck; wrist and hand; ankle and
foot. The tap of the head, and the feat at floor level, were plotted
at their appropriate levels. After the final card for the. left foot came
a blank card, then the scale carols fox the back, then the highest level
of the back of the head. The data were then platted ?evel-by-level and
part-by-part, as for the front, with 2 exceptions : Z) the back eras
plotted from the sub3ect's left to his right; 2) a blank card followed
each complete body part, except the last, which was followed by a card
with either -1 or -9 in the first 2 columns.
Data Reduction
1.	 Production of Levels Bata
The ratio data are processed by the CUT program, which performs the
-s
;_
<;
:^
1} The scale in the U axis is calculated fxom the mean distance
between the points plotted along the steel tapes, after deciding tahether
the distance bettaeen the points is 48 or b0 inches.
2] The scale in the W axis is calculated from the mean distance
bettaeen the pairs of discs on the control stands.
3) The data far the front are multiplied by the two scale £actors
to gi-ae the coordinates in centimetexs. The i^ scab i.s used for the V axis.
^} Sets of data cards in which the level in the U axis diffexs by
?ess than O . 15 mm are regarded as a single level, and a mean value for U is
calculated.
5} A number from l-5 is assigned to the block of data to indic^ite
the body part involved, as follwos: 1 =Head and txunk, 2 - Right arm,
3 =Left arm, 4 =Right leg, and 5 -Left Leg. The change in body part
is detected by an increase in the t3 value by over 0.15 mm. On some
sets of data, the U level does not increase bettaeen the left arm and 'file
right leg - in these cases a = dummy t card has to be insexted, Yaith ;:r.P
coordinates of a single po^.nt below the Ieft hand, in order to ]seep the
body p axt detection coxrect.
5} The pxogram constantly checks values to determine the maximum
valtae i n the V axis , and the minimum in the ti^ axis .
7) The scale factors are calculated fox the data from the back of
the body, and the data are processed as in 3,4,5,and a`.
,'^
13: Numbex of points. in level
I1: Body part code (1-5) .
Subsequent cards in a level: Format (1^5F5.2), consisting of 7 paixs
of ?C^Z values.
The fixst point of a level is repeated at the end of that level, so
that the section will always form a closed shape.
^^ ^i^ne o.aza are t.nen scanned, level-by-level, and body part-by-
body part, matching fxants and backs: levels within 4.1 mm axe taken as the
same, and the mean value taken.
IQ} The coordinate system is revised from W49 to XYZ as follours:
X - MAXI^4UM V - V COORDINATE
Y = U COORDINATE - FOOT LEVEE,
Z = jd COORDINATE - Minimum titi^
This puts the oxigin of the X, Y, Z system at the level of the
feet, as far to the right ^.s the farthest point of the subject, and as
far fox-^aard as the farthest point of the subject; in practice these
points usually corresponded to the right little finger and the tip of
the nose.
The program outputs a pxintout of the da^a, and also stores a copy
on magnetic mass storage (file 7). 'i^iese data are in the format used
in all subsequent opexations. The foxmat is as follows:
First caxd: Format (3Ab1: Subject I.D. and measurement.
Fixst card of a level: Format (14F5.2, F6.2, 13, I1}, cansistizig of:
14F5.2:7 p aixs of XFZ values
Fb.2:Y values for level
1__ ^
4
Because of the diffexence in spac^.ng between the wrist and hand
(1" between levels) and the body (2" between levels), the output of the
S
'CUl'' program puts the wrists and hard levels in the wrong ordex. A program	 -
called 'SORT' is used to rewrite the 'levels' data to mass stoxage 	 ^ .^
(file 7J with al l the levels in the correct order. 	 ^	 j`^
{	 i
Subject I.B. acid measurement wexe coded as follows:
^	 ^i
GN =Conrad	 K =Kerwin	 lV = ^Yeitz	 ,
-	
^:i
B =Bean
	
GR - Garxiott	 L = Lousma
CR =Carr	 Gli ^ Gibson	 P =Pogue
Photographs for the 3 misszons were taken as follows;
SL-2	 SL--3	 51,-4
l 16 Apr '73 (F-39)	 ]. 27 Jun '73 (F-31}	 ]. 12 Oct '73 (F-35)
2, 11 play	 (F- 14)	 2 14 Jul	 (F-14)	 2 26 Oc*	 (F-21)
5 23 May	 (F-2}	 .^ 23 Jul	 (F-5)	 3	 6 Nov	 [F-l0)
4 22 Jun	 (R-^0)	 4 26 Sept	 (R+1)	 4 10 Nov	 (l'-6)
5 11 Jul	 (R^-19}	 5 2G Oct	 (x^-3ij	 5 8 Feb ' 74 (R^-0]
6	 9 Feb	 (r^-^l.]	 ^	 '^
7 12 Feb	 (lt^-^-j	 ^	 ;
-^,+	 < s
8 17 Apr	 (R^68]	 `a -:^^
Nu photographs were taken of Lousma on 26 Oct '73, and the first set	 ^ ,,;
;^.
of photographs fox the final mission (12 Oct. ' 73] have not been plotted.	 4^
;	 .;
^	 ^_ 32.	 Troubleshoota.ng	 ^
A program called 'PLOT' ^.s used to plot on m^.croa"i1m the level-by-level 	 it
^^
GOOxdinates. .Any errors in the data axe easily seen an the sections, and 	 `^ ^^
the raw data may be examined and the errors corrected. 'Fhe trans-	 ,
^^
•	 farmata.an between the XYZ and iJV^4 caoxdinate:s is given on the pxi.ntaut of 	 ^r`;=
the 'CUT' program. Most erroxs are in the order in tivhich points axe 	 ^
..:; 	 ;
^,
10 ^	
,:;
.: 3
..
...	 ^..:
. _ .	 :^,_ , -	
.--	 -	
^	 ^__^	 _..^ ^. ^.u.._,,.vu....^..
iplatted. Qccasionally, a card is obviously mi.spunched and the correct
value can be deduced and used to correct the error. Any point which is
obviously impossible is removed, although in practice very few such
points have been found.
^.	 Location of Landmarks
A program called 'CF' is used to derive data describing the outline
of the subject, viewed both £ram in front and from the side. The data
at each Y level axe ta3; pn and 'the point-by-point coordinatos are smoothed
into a curve {see saCtion 4^. The ma3 :imum and minimum values of the
smoothed curve in the X^Z directions are detected, and stared in mass storage
(file 7) , along with the Y levels, i.n the same format as the 'levels'
data. A program ' CC U takes these data and makes a tape fox use on a
'Calcomp' platter, which plats the frontal and lateral views on graph
paper (Fig. 3). The 'CC' program is also able to plot a single cross-
section on paper (pig. 4).
Landmarks are determined £ram transparent prints made by a 'Thermofax'
copier from the f 'xonta^. and lateral views. For each subject, the distance
ti
between the inner sides o£ the arms is measured on the frontal view,
at ^^he highest level at which the arms were plotted separately. {Qhichever
set of data shows the least separation becomes the model far establishing
the arm "cut -off° 1 plane. Vertical lines axe d^aum on the graph through
these points, and each of the other graphs is, in turn, superimposed on
the mode.. The best fit possible with the con^ou:^ of shoulders, neck
and tipper chest is determined, and the overlying graph is then marked
with the = cut-off' lanes. Subsec}uent processing regards any part of-the
upper ta^unk outsidF these lines as belong3 .ng to the appropriate arm.
ll
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F'ig. T
-^: Cross^^ect^on P1oL^ed by Computer
_.	 ...	 ..
F^,ve horizontal cut-off planes are determined, using the final
pxeflight data as the model. The level of the ulnar stylaid of each
avrist is determined an the frontal. va.ew for the 'model', and the same
position is located by superimposing each of the othex graphs. As axm
position varies, it is often necessary to rotate the overlying graph
in ordex to match the wrists, and to take tl^e value of the Y level in
the center of the wrist. The error in volume introduced by this
rotation is likely to be vexy small. On the lateral. view, the position
of the sternal notch, the gluteal fold and the ankle joint arc estimated,
and lines drawn across both the frontal and lateral views at these levels.
'The other graphs are then superir^^aosed, in turn, and the positions of
these 3 planes are determined independently an the frontal and lateral
views. Rules have been established far acceptability of the resulting
estimates of level:
l] ^If the distance from sternal notch to ankle joint in the graph
under examinata.on exceeds that in the ;: yodel, neither sternal notch--
gluteal fold nor gluteal fold-ankle distance is permitted of be less
a
^^nan ^.n ^en.e mvaei.
2} Conversely if the sternal notch-ankle distance is less than in 	 t ;-^
^	
`i
the model, neither of its 2 components may exceed the corresponding
°i
d^.stance in the model.
3} If the estimates of the level of a given landmark from the
i
iai:aral and frontal viet+rs differ by Z cm or less, the mean of the ttva	 {,;:^
is taken.
l4	 ^	 ^
:;;
-^	 '^
4) If the estimates differ by more than 1 cm, both are reassessed
in sn attempt to move them closer together. Tliis process may be repeated
as many times as necessary until the estimates axe within l cm, when a
mean is taken. Although this process is entirely empirical, in practice
there is usually no difficulty in detexmi.ning the position of the
landmarks, and in most cases the estimates from the 2 vievrs are within 2
or 3 millimetexs. 1+Jhen a discrepancy does arise, it is usually obuious
j	 that the estimate from one view is much more reliable than the other, 	 ;
and the latter can readily be changed.
4.	 Determination a£ Cross-Sectional Areas
The program = CA' calculates the area of each Gross-section, It
first determines the center point of the section by averaging the X and z
values, then scans the section in sectors between the plotted coordinates.
The radius to trvo adjacent goints are determined, and the intermediata points
at D.a2 radian angles are interpolated in such a way that the radius
increments smoothly from one cooxdi.rate to the next along a spiral path.
The area. of each incremental arc is determined. 4^,'herP the angle between
.,
points is less than O.u2 rrda.ans, or a residual angle is left after a
whole number of O.E}2 radian se^.tors, its area is calculated by the sine 	 ^-^^
i
formula. In the region of the :,+boulders, the program calculates the area 	 _^
:3
beyond the "arm cutoff s planes, a^^.d assigns this area to the appropriate	 '^±
'^
axr^.	 The output of the program to magnetic storage (file 9) is a	 ^,
level-by-Ievel'listing of format (F6.2, I2, F7.2), consisting of the	 ''a
'	 :.^
Y level, the body pant number (].-5) and the area in cm2.
_:a
;^
1
is
^.
.
^.
^	
,.	 ,
^:^^^`
_
.:	 ...
-	
^,	 _
The program ''VOL' is a convexsatianal program which calls fox the
body part number and the upper and lower X levels between which the
volume is required {format TI, 21:5.Q}. Tt then scans the body part
required and fits a smooth curve to each successive cross--sectional area,
generating values fox intermediate cross-sectional. areas at l mm intervals.
The areas are integrated between the upper and lower Y levels to give
the volume of the segment under examination. Tn order to eliminate dis-- .
crepancies in the curve-fitting axound the junction between the body and
the legs, the body is taken as extending down through the first two levels
of the legs {3^rhich are added together to give the new 'body' levels} , and
the legs are taken as extending up through the last taro levels of the body
{jah:ich is divided in the ratio of the areas of the top sections). Nhere
the gluteal fold comes heloev the highest platted section of the legs, an
inaccurate volume determination for the buttocks could result, so that it
is necessary to calculate the buttocks volume down to same intermediate 	 ^	 1'
•	 S
level, above the highest leg section, and add to it the volume of each 	 ^	 ,^
leg from that level dotan to the gluteal fold (Fig. S}. The body segments 	 ^ -:j
examined on the Skylab study are as .follows: 	 ^
';
1} Upper third of sternal Hatch-gluteal fold segment (= 'chest') .	^
2) Middle third of sternal notch-gluteal fold segment (= t abdamen t ) ,	!
3) Lower third of sternal.not::lt-gluteal fold segment (^ 'buttocks°),
4) ilppex 4^0 of gluteal fold-ankle joint (= thigh'}„
S) Lower ^0 0 of gluteal £old-ankle j aint (- ^ calf T }
6) Axm from highest level to writ (= taxm'),
7) Truncated total volume (total. of 1--5 above plus both arms-from	 - =`
^;	 sternal patch level to wrist),!i	 $) ^'otal volume {including head and shoulders, hands and i'eet)
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Bvaluation of Findings Fox All Three Skylab ?+^.ssions
Table I gives the preflight mean. volume of the body and its segments
.far the 9 Skylab astronauts and the change observed at the first gast-
flight measurement. Bady freight is also given. Although all. the body
segments examined sho^,red a postflight reduction an volume, the changes
observed in the chest and aims were small, and not statistically
significant. The greatest absolute losses of volume were seen in the
i
	
	 abdomen and thigh, although the lass of volume from the calves was
proportionally greater. The lass in weight exceeded the loss in total
volume by b85 g, but this difference is not statistically significant,
and probably results from the accumulation of inaccuracies when the
volume of the ::•hole body is calculated. it is hoped to eliminate these
inaccuracz^ss on future studies, and it may one day be passible to
xeTanalyze the Skylab data, with an imp ravement in precision.
^,	 2
The rate of recovery of body volume was followed only an the final	 ^'
Skylab flight, in tvhich 3 sets of photographs ^,rere obtained in the first 	 i ^'
a
5 days postflight. Table II gives the difference in volume between
vaxiaus body segments and their mean preflight valume, fax the 3 pos y--	 ^
_;:
^;.
.flight measurements. The abdominal volume varies a great deal, as it is
sensitive to food and dr^.nk intake -the recovery--plus-1 day measurements 	 1 ,;
.^
were made in the middle o£ the day, whereas the recovexy^glus-^- days
measurement was made bef4xe bxealcfast. Nonetheless, a marked increase
in vo]^:ame is seen betireen. recovery day and the .other Z measurements.
}I^	 B^xt^ock va^.ume iricxeas^d 'oy 2^0 ml. dtxr3.ng the post£^:igh^. period. Both the 	 ^}j
Ii
.'
Pre^'l i ght
Mean
Pc^st^l i gh-^
Di ^ference
Propari:i oval
Di f^erence
^	 .
Si gni 'Fi canoe
L7 tars Li ters Perce^^L
Arms ,{Both) 6.927 -4.466 - 1 .0 i^.S.
Chest 13.149 -0.150 -1.1 ^.S•
Abdomen
	
.. 11.305 -0.541 -4.8 P <	 0.0(?1
- Bu^:tocks 13, 583 -0.393 -2.9 P ^ 0.005
Thighs	 Both} 9.411	 ^ -O.a59 ^5.9 P < 0.001
Cal-vas 	^ Ba^^h} 6.349 -0.472 -7.4 P < 0.001
Total
	
Body Vo^ tame 71.267 2.342 -3.3 P ^ D.001
.
Kg Kg
.
Boar L^(e^i grtt ^ ^ . 98a -^. 723 -4. 2 P < o. 001
._..-
	 -	 -	 -
Difference from ^refl -^ gf^t Mean Vol Mme	 {Liters }
Recovery
Day
^eCOVery
- + 1	 I3ay
recovery
.+ 4 Days
Recovery
+ ^s Days
A^domer^	 - °-0.666 .+4.186 -f^.123 +a.^11
8u^tocks -O.a42 +o.a34 +0.156 +0, 845
Thighs	 (Both) -0,425 -0,323 +0.009 +0.776
Cal ves 	 { Bo-^h`^ -0,450 ^ ^	 --0.274 -0,72(1 +Q.3da
,,
=`
:^
^i
t	 ^.r
thighs and the calves show a rapid increase in volume, the rate of
increase being initially gxeater in the calves, although by R -^ 4 the
^	 thighs had reached their preflight volume, whereas the calves tti^ere still
120 ml deficient.
Discussion
1t is unfoxtunate that the pressures on the time of the astronauts
prevented moxe photographic sessions being possible, particularly during
the first few days follat,ring spl.ashdawn. ^iowever, the data col"tected
does pxavide some intexesting I^ointexs to changes in body composition
resulting Exam space flight. The rapid increase in volume in the first
S days postflight clearly results from an increase in body fluid, the
adaptation to zexa gravity having caused a reduction in fluid volume,
which is inappropriate for the 1-gravity environment. The recovery of
volume }?roceeded faster in the calves than in the thighs, due to theix
more dependent position,
All the astronauts s]?awed a rapid increase in weight in the first
few days postflight, but the weight had generally leveled out by recovery
plus 4 days, suggesting that rehydxation was complete. TIIe volume changes
observed in the final cxew at that time may be taken to represent the
sum o£ the in-flight changes in fat and muscle, possibly modified by a
little postflight recovery.
The postflight change in volrxme o£ tha buttocks for the 9 Skylab.
astronauts corxelates well with the postflight change in weight [correlation
coefficient Q.^2), suggesting, as might be expected, that the buttocks
are arsensitive indicatox of body fat. using the regression equations
Exam this correlation, and caxrecting for the effects of dehydration on.
•	 2l
:..	 -. ,..
°i
z`
the volume of the buttocks, it may be calculated that around 2.2 Kg of
I
the postflight weight loss resulted from the combined loss of fluid and
muscle, the xemaindex being due to changes in body fat.
The fa.na l Skylab crew relaxed their dietary and exercise regimes
following the flight, and put on weight. The resulting change in volume
i
of different body parts e^iables a correc^.oxt to be made for subcutaneous 	 ^
fat in the postflight volume changes. l4^ith the small number of data
points, such calculations must be taken as very approximate, but there
appears to have been a mean loss for the final Skylab crew of about 90 g
of muscle from each calf, and about 70 g from each thigh. Such losses are
vezy modest, and are a tribute to the in-flight exercise program. With
even less postflight data points,. it is possible only to make very rough
estimates for the first and second Skylab crews. The loss of muscle
from the calf appears to be similar from one mission to another, whereas
the loss of thigh muscle apparently decreased with succeeding missions.
'this observation fits in welx with the use of the bicycle ergometer
in-£light, wP^ich was inc^;eased on successive missions, but provides
r	 a
;'getter exercise for the thigh muscles than for the calf. 	 ..-^
:^
^^ correlation coefficient of 0.92 has been established between the 	 ^
change in buttock volume over the course of the flight and the in-fligh 	 _:
caloric ^.^^take, expressed per Kg of lean body mass (LBIvI} . A caloric
I
intake of 49 kcal/day/kg LBM appears optimal to preserve the fat depots 	 '-^
^	 :a
^	 at their preflight level. Qnly l Skylab cxe^vinan exceeded tl^xs intake,
F^
^:	 and he increased his fat reserves. The 2 cxetvmen losing the most fat in 	 '^
^.
,l	
the course of their flight had, intakes of 37 and ^l Kca1/day/kg LBM. The	 j
- ^	 =^
;' ^
22	 ^ :T.^^
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.,,
{
remaining crewmen had intakes in the 45-48 Kcal/day/kg LBhi range, and all
but 1 lost a little fat.
Conclusions
The 9 Skylab astronauts returned £rom their space flights with
changes in the quantities of fluid, muscle and fat in theix bodies.
The change in fluid resulted from the adaptation of the caxdiovascular
system to the zero-g environment, and amaurzted to a deficit of almost
2 liters. It was replaced in the first 4 days postflight. The losses
of muscle - were fairly modest, amounting to about 160 g in each leg on
w
the final mission. Losses were probably a little greater, particularly
in the thig^-^, an the first 2 flights, and probably reflected the levei
of exercise undertaken. Techniques havernot yet been devised to measure
changes in muscle bulk in the upper gars o£ the body, although no 	 '
statistically significant changes in the volume of thd^arms or chest
were observed. Changes in body fat wexe related to caloric intake, an
in-flight intake of 49 Kcal/day/kg lean body .mass appearing necessary to
preserve the body fat at its pref7.ight level, a value which was exceeded
in practice by only 1 crewman,
Biostereametrics is a relatively new science, but it is emerging as
a powerful tool in the medical and biological sc yences. The stereoscopic
photographs of the Skylab astronauts took no more than 5 minutes of
the sutiect^s time for each measurement, but provide a permanen'c
det4uled record of bndy form, which may, if necessary, be re-examined at
any future date, either to answer neca questions, or to take advantage of
the increased accuracy resulting from impa. •ovements in the analytical
technique.
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Knowledge o£ fatal body volume is essential for estimating gross
body composa.tion in terms of fat content and fct-free taeight Exam body
density based an floe simple equation:
mas s
density = volume
1Vater displacement or hydrostatic weighing has been the mast
widely used method fox determina.ng bony volume for many years, zn
centers where the necessary equipment---water tank and weighing
apparatus---is a relatively permanan:t fi^,ture, the hydrostatic weighing
procedure has proved. effective far measuring total body volume in
healthy subjects. 1-lowever, the me^Chad is unsu^,table for use with the
very young, the very old, and seriously ill patients. It's relatively
law portability and other practical limitations ruled it out fox ^e
in the Skylab biomedical examinations. ''his situation led to the use
of biastereametrics, a more convenient 'but less well established pxa^
ceduxe, in the present series of astronaut studies.
A coincirence led to the companion study described below.
The Biostereametxics Laboratory was engaged in a: coll^.boxative study 	 ^' =.^
..;.
with the Lovelace Foundation involving stexeometric measurements. of
children undergoing treatment a^ the Lovelace clinic. TI^e attention. o^ 	 ^.^
Dr. Ulrich Luffi, a longtime member of the Lovelace staff and a NASA 	 ^ ^^
;;..^
principal investigator assac^:ated with the Skylab .Life, Sciences pxngram
>::,
was drawn to the biostereometxic measurement activities. As a result,
iI	 --he suggested that a study of the two methods be undertaken while 'the
biostexeometric equipment was in use at Love^.ace. iye wholel^eaxtedly
approved of this suggestion and the necessary arrangements were made
tazth Dr. Luft to take dual. measurements on ten adult subjects.
The Following description o^ -the comparative study is laxge.Iy
derived from the preliminary _report :submitted by Dx, Luft. 4Ve liave
added further details about the bostereometric-data reduction pra-
cedures and some further comments aimed at helping to interpret the
findings. in general; however, we consider Dr. Luft^s conclusions
^:
to be fair and insightful, as the would expect Pram someone with his
considerable experience in, the realm of body composition studies.
.
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Measuxements were made consecutively faith both methods on tin
healthy ma1^ volunteexs, between 8 and 9 in the morning, ^.n the ,.£ast^.ng state.
In two of the. subjects the stereo and I^I^(] measurements taexe made two days
apaxt, but the^.x body t^reright had nat changed moxe than 1I10g.. The
biostereometric pliot'ography of the subjects taas performed with a:`faur-
camera system- with strobe projector: on 3.oan ^°i this study `from Dr. R.E.
Herron - szmz.lar to that eiiipxayec^ .ori the astronauts.: of the SKY,-LAIC ^	 -
pxogram (8) .	 The ^ihatographer had,been trained im the procedure in ^
_^
,1the $iostexeometrics Lab.oxatory taYiere the phatagraph5 were analyzed and
:. ,
processed.
Pox the hydr°s'^atic wea.ghing -the suUject is seated in a light
r^eta^. chair suspended from 	 a dynamometer balance (Cliitillan- 31154) . of . l5 lcg
capacity in a sta^.n.^.ess steel tanit filled - with water that is .^a^,ntained
at 3d.°C.
	
The. char zs 7:aivered by black,- and tackJ:e so that. tine subject
is immersed up to leis .chin..
	
lmmedia:te^.y befb^e pu.^ta;ng his head .uiidex
^_:.^
^	 .
'1
tivater the subject is requa:xed^ to, take five deep breaths fa^.rT:y rapidly, ^	 i
i
follrlived by .a maximal xnspiratior ....Then. a maubhp^.ece ^is offered -^o
,.	 ,:
^	 hi.m by an attendant anal he exlia3es appxox^^natel.y 2/^ o£ his vital capacity,	 ^ ,}
pxeva.aus ly ,maxlted on .the recording d^itm, into .
 a spiromete^r.	 At th^.s . pa^.ntt ;	 ^
^^
.
^	 .
the ape^atax cal:Ts "halt", the ^authp^:ece.is t+r^:thdxawn aria tb.e subjact
^
^
submerges .
 his liead without` further lass o^ ^.ntaice^ of a^.r	 nose c^.zp} for
-
7:0-15 seconds un^Yl the r^ad^.ng`as taken .ori the balance.	 ; .The entire proms,.	
,:	 ^
.
4'
.
-	 :'
ceduti:e:. ^s p^acti.ced Before en.t^^in.g the bank Arid the 'subj.^ect .a:S directed°.'
.:
nqt • to press hz^` 1w^,gs tuhle sutmerg^d ta. -^.n^.^. ze ' tfie: reduct^;on -,in lung
;.
^,.	 .::.	 ,.	 .
'volume,
	
Tlixee consecutive measurements ara,pex^oriner^ and-;the correspond.-=
..	
_	
-
ting read^.ngs of subme^gad-.^^tergh^ and exhaled gas va3.inte.xs ccxr^ected to
,^
-^
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BTPS candi •tions and subtxacted from •the subjects's total lung capacity
previously measured in •the pulmariary £unction laboratory by a N 2 titi^ashaut
method [4} to obtain the residual. volume in •the ].sings on submerging.
Body volume and density are calculated by the following equations:
• Ma — [Mw k 1^^	 Dti0)
Vb - --	 Iha	 [2) and
Ma	 Ih^r
where Vb = -bady volume, Ma =weight in aa.r, Mw = height under water,
y
RV =residual lung volume, Ihv ^ density o£ water at tank temperature and
D ^ body density. The vaxiatian between three measurements of ^ b taken
in this manner is less •than 0.20 liters [approxima •^ely 0.3% Vb) . The
average of •three measurements was taken for each subject.
In ordex to i.nsuxe that the gas volume in the subject's lungs
during the stereophotography teas as close as possible to the RV during
the underwater weighing, the subject took a mayamal inspiration alkd
exhaled slowly to the same volume marked on the spirameter before holding
his breath for the photograph.
Results
Table 1 shows the ,results for body density. [column 2) and net body 	 -'
^.
volume {column 3} by the H2^ method. Net bady volume is the gxoss volume
less the lung gas volume [column ^) and is used to estimate A by equation
3. Since the stereometric method gives grass bady volume, the lung gas
volume [column 4) must be added to the net volume [colurtm 3) by the H2o method
'	 27
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iin order to compare the ttaa di.xectly {cvlumr^ 5 and G) .
Without exception the values with the stereometric method were
higher than tritli the I-I 2Q procedure, Using a paired comparison, in
tahich the individual differences mere analyzed, the mean. difference
(2,191 liters} taas statistically Highly significant (p, < . -0005} , but
the standard error of the mean difference teas relatively small (SEM: .27^
liters} .
The linear regression of the values obtained faith the H 2p method
{y) and the stexeametric method. {x) is plotted in pig. l-b faith the identity
line. The correlation coefficient taas quite high:
r ^ .996
The regression equation tvas:
Y = 1.008x-2.791
SDy at x = x.914 liter
The individual paints Caere all close to the regression line f rig • I - 0 ) .
Discussion
i
The higlt^ correlation coefficient and the tight fit of the data 	 ^ ^
around the regression Tine for the ttao methods implies that both pxoce- 	 ^
^^
dunes have a high degree of precision. However, the highly significant 	 ^; ;
t^
differences bettaeen the mean values raises the question: tahich of the 	 _'^
.i
tt^a methods is more accuxate ^n estimating the true body volume. A strong 	 '^ '^
t	 s
argument in favor of the H 2O method is that the values obtained for body
density give results more campatible with those to be Found in the literature 	 ^^
from direct determinations on body tissue for animals [S} and man [3}. 	 ^ ''`.j
i ,; ,
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Figure i-5: Correlat^.on Between H^0 and Stereametric i^teasurement of Body Volume.
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The mean density (D) for the IO subjects by the H 2O method
was 1.OG^I (Table I column 2] and with the stereo method 1.030. According
to the egiiarcinn proposed by Keys and Iixozek (3] for the £at Exaction
o^^ the body (Ff]
4.201
I~£ ^	 Db	 - 3. 8I3
the mean ^] from the H2O method gives a fat fraction o£ 13.5%, which is
in good agreement with the mean value a £ I3.90 repoxtad by the same authors
for a larger number a£ subjects in the same age category. Faking the same
calculation with the mean D from the stereometr3.c method results in a
£at Fraction a£ ?6.6Q indicating considerable obesity. Not one a£ our
subjects was grossly overweight. There£are it appears justified to assume
that the results of the FIZO ,^,ethod are closer to tl^e true value.
In view o£ the consistency and precision of the stereometxic method
and the fact that the discrepancy with the H 2O method. is apparently not
due to a random error but to a strictly systematic one, it might be
feasible to utilize the regression established £ram H 0 method data to
adjust stexeometric values obtained in future studies to correspond with
values that would be found by the H2O method. IVith this in iaind we have trans-
formed the stereometxic data from Table,l, column 6 to the adjusted body
volume by equation 4. The individual results are shown in Table ^., column
9 and are plotted in Fig. I-7,^ All points axe now closely clustered around
the identity Tine and the mean values differ by only 0.016 liters and the
average for body density is identical (Table 1, columns Z and II].
Obviously the validity of phis type o£ manipulation of the stereo data
will have to be tested on a much larger number o£ paired measurements
;i
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^'`	 Figure ^-7» Adjusted corxelation Bettseen H2O and Stereometric i^seasuxement a^ Body Volume.
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The systematic overestimation o£ body volume by the sfiexeomefixic
method used here may be due to the lack o£ coverage o£ Bidden body con
cava:ties, £or example, in such areas as the armpits, the groin and the
buttocks. Ho^vever, i£ it can be shown that this source o£ error is
su£ficienfily consistenfi to be amenable to a correcfiion, as proposed
here, the stexeometxic method crou3.d be acceptable as a rapid, convenient
and accurate method for estimating body volume.
Adda.tional cameras or other procedural modifications could be used
to achieve more defiailed coverage, but, if further research shows that the
discrepancy between stereometric and hydrostatic is consistent, then a
simple adjustment can be made.
Finally, it is impoxtant fio reco:gri^^ that stereometxic records
can be analyzed and displayed in var^.ous ways fio yield body £orm and
volumetric infoxmation nat xeaciily available heretofore. The follot+ring
series o£ records for two of the Albuquerque subjects illustrate this
p otenfii. al .
4
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Stereometrc Records -Extent and Variety of Coverage
Figures 7I, Z--1.3' ^.Ilustxate the 'hype o£ data produced by s^exeometric
analysis an the Albuquernue subjects {two cases axe shoirm},
	
These
e:camples demonstrate the extent and variety of body form and volume. data
contained in the stexeometric records.
Subject A
Figure; TI-l. Cross-sectional plots based on polynomial computati n.
Figure II-2. Volume distribution curve {VDC)----crass sectional are plotted
against length (distance along verb. al aaa.s from head to foot) .
Figure IT-3. Composite crass seotional {polynomial based) and VDC display--
any point on the curve gives the cross sectional area at the
.	 corresponding level on the body.
Figure II -4. Perimeter (girth) distxibut^:on curve---the girth at any
horizontal level of the body can be obtained by reading .the
pera.meter value at the appropriate level. 	 .
Figure Ii-5. Cross sectional plots based on raw coordinate data.
Figure TT-&. Volume distribution curve derived from raw coordinate data.
Figure IT--7. Perimeter distribution curve derived from raw coordinate data.
Subject B
Figure IT--8. As for II-l.
Figure II-9. As for II-2.
Figure II-10. As for II--4.
Figure IT-11. As for ZT--S
Figure TI-12. As for.TI-G.
Figure Ii-13. As for IT--7.
The difference between the volume computed using thepolynami.al - and the
volume computed using the raw coordinate data taas a.3o.	 The correspon^.ing
figure for Subject B was 0.2%.
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Internntic,ual Society li,r I'hU#ogrur,uuetry
II(r3sinki, 1^7(i
Corriniissin)1 L'
lrivitr(1 Puf)rr	 ^i
ti. 1''	 III lu • !^ •,	 t',r	 I1.
iirl^fi(11 ! •(^li!'J(i' rfJ ,5ii',i!!' f llf`
!luusiun, 1;^ T7U'?5, USA
^
_	 !	 .
r
y	 ^y g^ •^g	 3
^^^^^1 ^^Jt l f^3.^^^^ 7 ^^i"	 ^^^9.6.
^	 1
f
A review of fhe presented papers.
I	 ^
1	
{
I	
.-
I[]: iiti'1'1{liNr1'rfllYAl., Sn(;IE:FY U l	 I'13UtfI }r :lill^^
^	 .1
Illinois	 rF:vit\va(I	 rcc:elit cIuvelo ]n,el^ts 	 iiiT
in(:try Cnnllllissiait V Syln pr)siiltn:	 ' Ili()- the (lesil;n n#' phatrigr;lnilnetrlc syst(:ms lar
ster(:nlnetrics'7^1" hl • !cE in ^VashingEvn, I^,C., tse ir. ].,iostereoit,ctrics. lir, strrssed the neerl
ScptNmher ![)-!3, If}7•I, \v:,s Ila ti t[;f I by ihF: for close co(,Inrl#iolt bet\v^eit ^II,OtOkl':ilti-
Atlll:!'lCa11 S(i[;il'ty f}! ['hfitnl;r:llllti7t• t t'y [I, COtI • 111 etric i: ni„ liiF'(:I:ti :itlCl I)iOltie.(lir' IlI til)l:C'I:l I iStS
juntafiouwilElllie:.l'IVIntrrnatiullal Ccn]nress ii, or(icr to cnsur(: CtllurE, esp:lnsian vl' tlu:^
uFSllr\'eyul:ti. !'!ie 1'roreeclial; s pilhlishecl by • field.
the AS!' c(intaiil cf,lu[)1(:te in;u3llscripts ol';111 L.IF.I1. Ile:trd nF Adclenl,rf]r,ke's Ilnsl]it:el,
I,:li]L'1'ti .[]I"t'tiell#4lI :It the Syltl]]Utillll,3, t:::CCG'pt C:lnll)rlilf_;e, I;71};IanCI, lIl 1 p ilI7C1'i:0 :Ltl th Ore( 1
IO l' A IL:W tvllir:h missed the E)rinter's cle;tcl- l,y I'.I^. I,.)lllNr IC.II. ^EICII,SUII, II.J. I^:l\V, :lrl[I
lIIt4.^	 I il	 illlti	 1'(`[)I'I'#	 I	 \VIII
	
Sill3,tri:t r llL'	 tl,e f^,I^. I;Iki1l^tU n, dcscril,t:d tEle (I(:sign;u i(l Iltit'
I)rL'S('3lEaEli311ti, 	 {nLt !ltiUn	 tiUilt@
	
Ul	 t!!L'	 lli;F,1N U1• :1	 h:Ind-hErl(l	 Stl' fl'.Utill'(I'iC	 C:l[lier:t	 \Vll^c•h
lighis, an(! ni;i[;(r :l G:\v Ix:rsOII:II corntn(rnts. [,rumisrs to rrulke s[ereoliletrie all:.lysis lrn,rr
I^urElurlicnF:Eitnl're;tclerstvllt)an > unl;tinil- \vttlely:ttcessible lt)rllnsl]itaI and (,tlterciiil-
iurwitL'the tei •tn "hios#ereOliletrics," perll:tps ic:ll	 lisE:,
t l clefinitirnl \vc^u](l !,e l,(;il]1'ul.
 
Ili(]stererilic-t- I'ra!'r..;sur J,H.	 Clv.-ri,	 Ilaylor Co]E^^F ►,f•	 of
ritrs isllu• .^},aliul.r(url slutlin-tcnlpural rtrrrtllr- b'l erlicine,	 Iin(IStnn, USA, U(It11114 (! ,lil ^^11tU-	 ;
sis ujLir,lll„'irr(1; li,rrre ri ►ul jl,nctinrl 1)aserl an nrltie systen, Iiir slere()nlc:triC analysis lrltied
l,ritecil,lrti'r,,/'r+f(rilrftic^r.`um(:i»f. Tlie [,rimlry l]n	 t118
	
j7f]titill)ility UE^ Cf,nE('UIII(ij; tllU
	
Alljt!l't,
tuols.Uf' hi(lslri •roinetrics are sterrol)hntp l;- the phatn^;raphit; enilclitiuns and tl3e Ileces-
r:lphy, hnlc,^r;!I,hy, interl .^ rumetry , anci other i;:lry elements of arient^difin,
ti,rue-cliiiteiitiiun:tl Eilrm setlsing techniques llr, W. Fai};, Ui,iversityofNety Ilrl(ns\vicl:,
wlticl l
 yit`lcl tiii;n;ds, im: ly;ery, ur other dllE:t Canad:l, clescril)ed :u, :uinlyticaI plotter sys- t
tvlliCl l 	 euii	 h n	 rr.:tcl:!y	 h:ul rllecl	 1]y 	 ill(id(:1'll t('.m :lnd (feriv:ltiorl uCtlle I]erkil,ent c^gir,lti(1n5
stere(,Itlt,lt(+r5, cnln[)ar:t[ors, rompntcrs; and i'orprecision.1,ai^t]inl;tlf':tclost*ranl;enl,ject.
rel;tte(I tl:lt; i Iil'tx:F:ssini; ;nul display devices, tV.J. Isms c,I'11fen,urial University of I T^ C:\v-
`Pllc rllajl)i' Cg 113[]r)114i1tS 0(” the Sy'nl]]USIlti3, loun(llaud, St. JUl,E,4, Calla(I,ry; In :l I,;lj]er Cp-
tVCi'(' SE3VL'_ii tCClllliCal
	 9t:5S[UIIS, ail	 ili^orn3all :luEh(]red by I^r. jnlin 1V, ^.vaus, rfc 5C1' 111F7(!
f01'ltill, :ltl (l a sE)culccr's I urlchenn. how a' IlEic]t:,I;rar,l3ueti • ic; sySienl 	 has I)C`Cil
Scssinit. E ali "Ilins{erernnetric: Systems" used t(] itiol]it(ir inEeracti(,ns r)Forg:uiisnls:tn(I
o[]inlsl tvitli q srri(rs o['tvislcolncy from iSl' r()cl:substratc; avc:r:tthree-yeal•I]crin(l alonj;
I'resi(laut, [J r. S.t>, C;:lmhl y, L'an3iltissiutl V the I3;trl]acl()s ruasdil3e.
Presidcnt; i)r. ILili. I::irttra, and f.^le I.)rut;ralu Cnl. Ai. I:urt^, i3.5. rlriiiy, rcacl a p::Ire:r:ut-
C1s;3i1"iutut, Dr. It.L, [fei •raii. tl+ni•ccl by ih•. L,i1^I. 14IiEch:til, T'itr^Itle Uni:yLar-
In the first I,:ljier, Dr. I:ur:lra, ITliiversityoF city, I15A, cnilci:rning tFie grn\vir^g t]nlel,tiitls
Ulu h(]IQ^ra,,u13('try 'IIl
	 bioskercou]Esti•ics. -
•Cutlier . (lrc:itti`uil:tl,le fr^m;^^Pllcil(!!lllslr#err•, Exanlp2rsnv(3lvii^il,^^iseot^Ipl(]I;i.ilit5:tn(l
I0.5lVulth^.er};inl:trlvNnu(:;I^u!lsChurc}i,
	
'ir^irlin ^hiilUl;lll,IiiC stereanlullri4 tvere descril)t=c1
"3UStr; USA.'I'i i l	 t]ricc: fiir.ASP rrte(ulier y Is fT.S[I <tncl.l:171i1^ ^.ecl:
fiiul F,lr iieni-niulnl,(ers S 12.5n:	 ._-- •	 -_-^ .
i	
t^i G. Wass, Jenol^til., Jena G.ln;b.I•I., G^i •nlan	 _
^^
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^,	 zkeE(:ta! ]nuti^ ll s. lluth 111@d1(:al u1tcl e 1t^E; iaeer-
1	 ^- ^	 ---.._.	 ^	 3
i^r. !3, Altscltulsr, iirnoks Af73, S:tn Al l -J TM
--
ill}; astlects were c:nllsiclr.re(l.	 ,^ tuniu,'I'e><;es, ill : ► p:ll]t!rco-autlu)re(l by lt.1l.
^I)rot: J.il. Cu^ri, lS;lylnr C;o1G:f;r: rr ^lL'tli-
!
ferry alld [),	 11L1). rlltschulcl•, rc:tanrlc'(1 nn
citsc,	 Ilullslnll,	 t)resenthtl	 a	 tr,ltarr,	 t• u- ! ;ul	 itnlnr)vL'(l nlatllelnatic:ll 	 lecllni(Su(: (ntnl-
astih{)rl^cl	 try	 l).V. {;nnll:l affil	 It i:.	 iterrc)n,^ ti:lnt.;nl::r	 Etillli[7:1)<;r;li)11y?	 fi)1•	dcrivin};	 ;lsiul
elrscril,i[tt;	 how	 :► set	 of st. • rta]nu• tric l,cu.iy ::f:etinns,	 s( • rial	 erv)ss•sc:e•tinlls, 	 aari:tt	 :.:I,^,itt.^:
6)1711 a1.(! 1i111c•tinn tr:u:u11(•te • rs eau 1,{: clerivf:+l l l sec•tiOns,	 an(1	 sc'ri;tl	 E'ruutal	 seeti,)lls	 ul'!
IP11111 : { lli^yitill	 ttll't:{'-11111IC'11SIU1lal (1L'SCI'it)tlfl)1 	 ^ al7atl1tl11C:t1	 titYlk(:tltl'C'ti•
(11• l llllil:t[t	 l ll] l l V f;l',ll]lt' Iry. 	 t I'rnl: `I'. (7sltilna,'t't)kyn Clniversity, J;1!)a1t,^
1)r.	 It.	 Stu\vr,	 Art!unnr	 N:flinn,tl l 1]res{:ntt^Cl	 A11	 uv(:1• virw'	 ul'	 rt:ees)I	 clr-
I,;1l,f,l'at<)1'It'S, 	 (alit:,l;U,	 lfSr1,	 {tl	 :(	 thl1,C'r	 C'ts-	 ^ \'+'!+1[atlll.`tltti	 1111111iStt'rl:t,[Ilt • ti'1{:1	 lt]	 J:It1a11,	 111-
:ultllc)rtx[ !ay	 [V.A.	 brit.;+;ric) and J,EV, 	 llcnv(:, I clnllin}; a wit!(: r;nlf,u u!'rliuiuul, 1)iuiu^,i+;:ll,
descrilled thr. list: ul ;l Sft`r(!rI111Y.trll: ;(-rily Sys"
^
all(l 111(hltitl • 1a1 ;It ]t311L'iltlnnti.
tChl Inl' IriL'A>]Irtll^; if+ t'^iUO tik(:letal 111Uf1Unti. 1..	 Sf!t=^;t'1', 	 5tllttt;art	 t.fi11VL'rSlty,	 hC+(feral
19.G.	 '1'runlu^lln,	 Shrsucrs	 I[ost)itul	 E'or li Itr.1)+IUlicof•C:erlrla+ty,inai];lp(:rcn-;1ltUlnrf:d
Crit)1)[c(1 Gliiltlrell, 1Vinnnf){:^+, Gan;ula, in ;t tl) • 	 ^[.	 •irl,ll,	 rlc'scril^i • c^	 t ilt•	 :1.r•iss	 5'E'	 It	 I-a
paiu=r en-uuthnr(:(I l:y I]r, I).r^. \Vinter send ^ ster(:cicuulir,lratur fur stal •r: uulctric r-ray :urtl-
C,.I), lt l:llller, I) t't:5f:llh'.( l 1he rc:sul#s ()f IlS itl^ iL ytils.'I• lle 1 1151{)i'IL':l l 1)aekf;rc)tlncl nl • stert• untt:l-
^^-C1UIllt)l1teC:(t)t]rfTal'll tit the s(]llltll)n Uf t\V(1 I TtL' X-ray analyslti \VilS ,1st, lari(:Ely rcvit•weCl,
'StlatiU-{,.:Ilt)nr;il	 ttl'c)1)1t'[nx	 11l	 Cll1]1Ca1	 It1Pd1-	 ^ C-{) JnTlatip ll, Ituyal Inskitue nF'l'c.clluol-^
riuc,.)s,t:r+'latint; Il. l. • 1t\'t^ntriunlxrl,cn)nr:try	 { ot;y, 5tOc:khulnl,	 ill	 a	 t);ltu:r ra-;nslht , ;i•{l	 f,y
i►ntl !hr utlu• r to il^uuull trait kin(<ISlatit: s. 	 ^ 1^.U. i+'rylaluhn :uixl el. 	 l^ryl.hulln {lr•,rrih+^t.l I
Ur. It.l. ! lt.:rran, Ituylur C;ullel;e of RIf!cli- tha at)t)lic;ttiu[7 of a slcrtx)nitarif: rllel}u,t! fin•
CIIIC, 1 Inll4tt)I1, UI ;! taa]al,'r CU-;111t1111rE: [l by Dr,
^
three-dilnrnsiunal ]l7l'aSlll 'C 111C g t O I' t(Hltll itll-
Y,i, fllulel- r^ •l.i7 	clt; ac^riheil the cic;velo )Ill elltt tarassimis it[ C1'Irkl 117n10^IC:lI ]11V('-Stlt;atin RS,
OI• 	;t	 ,tiI111fa1C:	 titl'1'{'+}[nf.'!l'[Ct	 ti(:]IS(li',	 tllc	 i I'1'Ut. ^.	 hnllC'llr7,	 '11;11111-I)11r1L• {..f)t11)!711R1t}'
,
"c:olfluor-t ,rapil,"li)tclirlic:lllllt:asnralnt^nt(^t^ Ct)!lc!^c,USA,out[ine+iat^u,lrsrlilrtll+•ir;{in-'
tit11111f1-5(IC'kNt t;t!(Illlt:tl'y 	 II)r I[Ill)t'nVi[l^; tt1C fit	 I 1111; 	 c]h t)llf)trlt{!'anlllletrlC	 [Ca:l]IIIL'iatlti 	 117	 lll^)- 1
OI• :El'tl1E(:I;l!	 llnll)5,	 I titL'r£01118#CECS,	 arL• 111t^L'fllrt!,	 tranSt)Ilrt;lt101k,
•	 (711 5e • t)Irn]!)er	 iW,	 t1u:	 i)rusi(lr`nt nE' ISi''s	 I ;lslel other fif:l(ls. 	 • Il
Cuululi5sinn
	
V,	 I)r.	 ! I.i.4.	 iCarura,	 :tnd	 t]lt: An iulcu•s)lal Enruln \vas belt{ u11 the {'v{•nint;
Chairtn:u[	 ul• ASl''s Close-Ituti t;e	 t)hn#n- ^ of Saf]telul,L'r ]3, \with l)r ; It.l;: Elcrru[l prc:-
t;[",llllltlt'tl'y f:ulnlTliltl!<:,	 Illl•.	 lt•I'.	 i1'IC {.IVCrl1, $1+lt.ltt; (I' IE;nI'e i},'I'11is Ve1'y llllib1711N1 ]l;kt)tlf',Il-
lHlste(l :l l llllel ll!tltl :lt the; Illicrnulitarl;tl Clul) I	 ]Ilf.^ Cn11515t{:( l t,l • 17r1C! • j)rt'tit:IltatiUllS fly' [baser
oE• «'a511111t;t1111 	 ill	 llUnnr C}E • tIIC	 Sy111t)USI11111 1 \Vlt}1 C(tUilJlll[alt, 1F1t115, :lRLI sIl(le- tat7(' S1kU\VF
stleakers.'l'hc: lunrlu!anwas cu-s tx,n5urt!d by to dist]luy, i]rc)nlute, ar otherwise lake a(l4'iill-
tIIV
	
llalf,lw iE)t(	 C • lllltt)8[liUti;	 1!.	 ll{:lI	 I't)SIUr
^	
t; 1,^4 nl ii \1'[ll ll lf:l )' C'at111i"f" al1(11t; [1C4•	 ^IN]la • 5-
{.f)lltj,,llly,	 ^.:al llC'U	 ^.f 11'tlf)l•atlfll7	 UI	 t^tllt7lCi1, 1	 l]1 L't] ailCl C\It{l]ltn Cti I11C1llLI N<t th[)SC• Il:f [}1C'[t .l:
'I'llc l:t • irll,lllslrinnt!nt l)ivisiu)t of I.7:Inkn Ar- ^ the	 c(allltlnsite	 t)!u)Enl;r:l}all	 \vllieh	 ;lrc()117-
llllt^tflll,	 IIIL'.,	 l\!'1'1l	 I!ltitrllll]FIItS,	 IttC.,	 ilnd I t)i1111f35	 tl115	 ['('t)(Y l't	 atlCl	 lltll(_"!'S	 W1lC)	 etiCataUCl
%Lll(l C :unitrtuy.'l'lur t;(!nercauti c•untrihutiutls ^ the uttentie)]Is of n)viut; tahatnt;rut•)hl:r Jahn
OE	 1ht'SL•	 Ci)ltll).1111NS
	 ;Irt:	 t;l':lfi'rllllV	 :1{;lt[IUWI- ^	 lill^f.!. AS \L'c11	 :l5 11aV111^ rift UI]t]nl'tUllity to
^clt;rtE. 11'i: are also i1,cl{:htecl to ^'!r. 5. Jncic san)talc E)r;li1)-\v;lsllinl; in tl]l its intt!rllntic)nul
I' 1'1(`flnGlll, l`.kt'etltiVl! `'ICE: l )rCtildtfl7t, U.1bl.I. V81'iE`t)', tllU t(a1'1t111 t];trtl rat):tttt8 t;l'.ilCCUlly "!C:#
{.n1't]lll';ltltlll
 
nl• AllkerlC';l, 1V11U \Vati 1lttit['lllllt!1]- ^	 tIIL'iE' h;llt' Ll[)1vn" :111(1	 hACI :t lUl'tlll'It;llt,	 Itltnl'-
t:ll	 111	 ll;l^'lllt;	 lilt'	 ('llil)^s	 CSL:C1tL;Rt	 stali	 a11C1 It10tlVt?,	 ;lull	 titiEllt[l:ltlllt;	 (:XChallt;f',	 W111C17
Eitcilities t)nt u# u11r {1is17nsal for ibis nlr..tuc]r;l- I lastc(1 until the lintel stal'f• de177an d ed Ih;tt llae
b1e uc•easi(nl• ! raunl !^r clr:lrcd so tllal Elley conlll set ui) the ,t
•	 Scssirnl L', with
	 t]rnl"rssor Ilans Crr?uel, chitirs far uctit mu]•]]inl;'s session. 	 •^
lJniv{• rsity nl • 1)iisu'I{[urf, herleral Ilf:publir Sessi+)I7 VI, with It.li. t^tkinsort, Univt;rsiiy
o!' {;+'rm;u)y,
	 t)r1'si(linl;,	 wxs	 dc!vntc:d	 to C'o!]e^;c I,nncican, !]resiciint;, \vns devoted to
5tECt'u[tlCtricx- rays.I'ruf:Grenr.l,illtllenta(,ta- ,s^ II{Iit:tinFl)urly't;cosnetrydfi ► l-rn.
inl; tr.{t)t • r, rc:vicwr.+l snnlf: ol'tlle thcuretical J. i)(rli'1•, Nutiun;ll Grot,raphical Itltitltll tf',
:tad	 tara(:tic:ll	 tu'ul)lf:]ns
	 associated	 with ^ St. \^L•nult:`, hr;u)cr, in :1 p:1taL• reo-auth+recd by
sti rc:unit!trie s-rsry analysis oI • the relatinnshila t^, l3c)rel, drscriht•d all ;tualot; tlhnh]t;r:llnmet-
11+•twt:rtt
	 t11c (:hiEll's skull	 and	 flu: nlnthrtr's 1• lc 1nc^thnlE Iurdtaernsillillt^ huut:lll hotly sur-
t)P1VEC'	 (t1f11C'1151t1115
	 5hl)rll)'	 hcEin^c!	 i1cllYCrr}'. EaL•L• 	(;[ • t1111Ptry ati	 Iltl	 aid	 tl)	 r:l(liBttUfl	 (1'^se
'1'hes	 Inculi •ratiun uk•
 huncars	 \\•as	 stlso	 dis- lalannin^.
t115sccl.
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tenturuillelwisu). iiy tits i;nle ofiht: I leltiilll:i ..._.
saenls ltlrnast asslu •ad (turlrtl)s illevita!)1e). meetitt};, l lxlt)e to t • alut)lete :t sat}t,le:Itlel)t lc]
^
Aare cpt:cifi(:l,lly, the sytnpusium cic• Iwn- ^ illls !)il)liuE;rat)Ety	 n11	 biastl;re.alnetrics cnnl-
str:drd that; I)ilt^d fur file	 I^72 ISl) n,utsting in C)tt:Iwa.
(1)	 'FLr	 ntssthcuratit,d	 slrute};y	 of bin- Allyanf; interc:xted can al)iail5 a col)y nl' the
starern„E:trics is suuud, flat 11x tnetltutl, roust Le supplt:nlettt after life	 I lf:lsiuki ltue:tirll; by
fultltrr nliueti In utal.t] ,ulntiuns uulrl: uliit:ient writint; hl file 14inslc:rrulueiries i.,lthulaiury,
:aril ca,l- rite•t•tive. Iiaylor Culle}.;e of ^lc-tlicine, 1333 ^lani•zllnd(^) 'I'hrre	 is uu uni,'r • rs.d ' • he+t” Irtcthnel q l• I Avcltul.• , I luustnll, 'i'a^ns 77[l'?^, USrt. Cult-
strrt'nuh(^lrie st • nsin};.'1'lu' ran},c nl'txlk:utial ap-	 i
ieGr:d"u^us is so I1rwlfl :Intl tier nleu.u,elnrnt cn,t_ tfil)altiuns t)E'rt'iiriuis autl (,thrr tlertint;llt in-
lhliutiti art y u, Va!'lPll llt,tt \vc IJatt l' spt:Lt (u tint, l{)rl ttlatlUlr walllll l,f' };i"Pally al)l)rNClatt'fl 111111InlIt1V dllit• rC[ fl tOt:ltl ltltnr ti ;tlltl illtilrlllltt• Ilt:itlUtS 1ltClillll:Cl	 i[l	 [1ltlll'B	 sui)llle l11lf1115.
sy,h•1,Is play ;tltpuitant ruit^ti in th(e littltre. ]jt;f nfB
	
L'Ut1C1Rtl[1t]; 	 illlti	 1'I^})aYt,	 I	 \Y:l[lt	 t0(3} Aluir.	 Ill lj t4!tIVFt L'V,dklatlnll t) f tl)E:	 V:Irinttti e:%{71Y'tiS Ilty l)eYSllrl:l l t l l;lllliti ll! l^r. 1 [.i`I. Kai''
itp;,n,;lt:h+;5 to sl[ Tcnitu • lric Seusll,}, is !1L•Clll'(l. ala, Eor his intl( • fati};;lLlc: anti ul\vuys timely(4) ltesrp rt:h \vhil:h is aimed at better untlrr
cnlltril)utiulls as syllti)us[ulll l:nm •ditlnior: Dr.
st.hntlin}; anti clek'itli[inl, of :l pruhlrut nulst he
clearly tiistiu};uishud ['rfrnl the ticvE• lul,:nelrY of ^• ^4'c,rl^!,	 U•5• ttlrrt• tii)lltl(lE'nt	 fu l• I51' C:olll-
1:liuiE•ul tfr,lls (:linu• il at irnprnving hardware ar nlitisiun V, for yt:all,iln Sf; i'\'ll• L' UI1 tltl: 1)r()t;1':111t
sol'av:rrE:(lesi{;nJ.ills};elrt<lullyina{rpral]riatr>t+) coturl]itl^f• ;	 to	 V,Ia.	 13l';Ittlluw	 itticl	 ^.1i.j
cvulnatt: nn: type aF+ludy by the at:u5daniti pee Ihl:nacllt),	 butll	 fru111	 tht:	 llllivl:rsity	 of Il-
\\•uultl ui)ply to tilt: atllr.r. linais, ii)r sul)e:rvisil]}; the: re'kixtratif)tt l)iucl:-
(.)l	 C.nllrinlrtlic:IllUllti	 1H't\VE'!'[!	 Cxputll!Ikt5	 of I	 ll lll'l_'$ aflfl llll l}tlll; lht! l):ICi1Cl11a11i5 1!1 lltVrla(1
1l1n 91rrl'11n1frt Ylt:5,
	
pilule}; r,InallvtriC	 tllt;inNeis. WaVti	 1VEtlI	 CDEltiltilCltt	 ^OUll	 lltl )1101',	 null	 tf)
pl1Vti;Cal 5L'iC lltl^tti anti 1RaitlliaCtlll'tt r5 1nllst l}E! J;11111C Ii. Ctt-!.'l.l, ^1)li[1	 Ems.	 E[l1 ];).;, S11L'1'3-y trill!?.-
^	 E;rcatly itrt l ,;nvl•d. '1'ht•rE•	 is still tau nutcll "re-
>	 i,tvE'utin}; ut'the vvlx•(-1." 	 lrtstrnmrnl nuu,s,htr- land, ^lurjnrit^ Got •Eh)lt, ult(1 ulller Sr<tfE^lul'rn-
'	 tnri• r y l•tltlld lwlteE^it fr+un usin); a.vicler l:nowl- ^	 1}ers of the	 I3insteru{)utcstrics	 L:tl}nratury,I3aylul' C ( 1 1lCt;e Of i^IC(liClltl,, 	 Ec,r aStilstilllc.e
'	 ta^t;l' 11;11t' lhair 1t5^llEn tif' ;LnI Ille:a} f)FpL• TC5 C:tlt
^	 pruviflu,
^
^	 tan with.•-rulrl;ill{; to rccaullt in cletail here.
^l	 ( fil lllns! l)i llti y;rld tnu alien to utl nnfoitluSltte 111:1Vt' rlat 1)L:Gn al)it'. to Clll ffltillCL• tU all illf: ^
I	 utlrnt l-ccr,lricity in ailr ihulill}; file smu'crs of rE:l- l)l:uulcrx, sl)eakurs, celliLiiurs, l}rt5^r:]ut:ISSis-
t'v:url lilerutntr and itlf • :ts	 n'l,icl! hc[ics fife pn-
• ta11[K, 111311 Otl)Cl't)artit:ii]:ltliti \Vltt7tie' Calltl'll)ll-
^	 tVtt tl,Il U^111nt1tr111	 ill i+lr'lllatll g l il'll'11:Va1 Sytill•n55 i
^ bulls rnadt: tlu: syntln)siunt LY14lt ii was. Uue
suet! as are uvuilal,le iu libraries m•uund lhlr
\vr,rltl. Aln:ric:nr writers te.ntl En c^n+)in g thcr ^	 C:x[)Lt'[I:Itced	 olsserYer 4U111111L'1ltetl	 tlt;ii	 "'lt
Arncr;raas, the ltiritish (,titer liritish, Ilrt; C:uladi^ ^ \Y;IS n5 i)e1• Ii;Ct a sytnl)()::itall stS I	 llavt: t'vE^r
i	 :fns ether C:anadi:uls, thE: 1'rcnc}, after Trench, expuriem:e:d." 'i'iliti 1'L 111(lrk rttfiects tht: lln-
i	 the Cl:rnl,ulti ulher Gcinr;uls,	 5weclas other usual Sp[Tit {,E LOUI]CiAL1RA :Intl ClklltltS[:I51i1}^
^	 $\ve•t!t'ti, :nul ^fl Ittl. in the i,l+}tllt`(l;C;II 5C;B15CCti W1)lCh I,1'cL':Illed 11[1lal1}; tltutie I11Va1VC:f1 lit ell .
ltel'r s lunlh! [,,: tu) u;lE'solt:tl I:m,ivletl^e Luund- ^ st:sgt:ti C![ tiiC
	
llltdf:It:lk lli^;.	 It :11ti11 Ill[^llt 1 1C 1i, ti
urir:;,,	
,! to L• xt)1;t111 \V 11y tIIN ]tk'al;r;lllt CElltlr[n:tn nlld tilt.
'I lllti \YI'itl'1' \V 111 Cf)Iliilltlf; tl) till CVCI-y Il]1tI^;; i)l: g ltlilt].; CUtLlikitlLC rcl;ai'Cl the=il' :IS$f}Ciatlfllk
I)t}ssill^t'tUl'tarlllVk!SUCIII)atlllelitrl@5^{[ta(IVCI'-f
^	 I
I
wlilitltltititlll]1!1:ttitlr^CV4ntASa1'tll't'.])1'IVIIY};C.
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iV.	 Training of Technician, Tecltnalogy Inc., in Biostereometxic:-
Principles and Techniques_
Between mid October and the end of the report period Mr. Cris
Keys from Technology Inc, was given instuxction in ,the areas in-
dicated below. The total. time devoted to this effort tons 118 man hours.
'Time spent by P1Ir. Keys using the facilities of the Biostexeome'^xics
Laboxatary under direct and indirect supervision taas 115 hours.
i
A.	 General P--' .iciples of Biastereometrics .
B.	 Photogxaphy.^
1. Setting up equipment.
2. Picture taking.
3. 1-landling T^ process plates.
4. Printing
C.	 plotting,
1. Principles involved,
2, Preparation of plotter.
3. Use of digitizer and keypunch.
4. Plotting front and neck of whole body.
5, Sart9.ng and arranging punched IBPA cards_
â .	 Computer Analysis.
1. rlatrix algebra.
2. Curve fitting principles.
B.	 Consultation.
1, Design ideas fox spacelab bioStereometxic
equipment.
2. 5tereometxic techniques for analysis of under-
water Subjects.
Hours
5
42
42
20
54
t
•	 • . .
55
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